Effects on growth, hemoglobin metabolism and paralogous gene expression resulting from disruption of genes encoding the digestive vacuole plasmepsins of Plasmodium falciparum.
Four of the plasmepsins of Plasmodium falciparum are localised in the digestive vacuole (DV) of the asexual blood stage parasite (PfPM1, PfPM2, PfPM4 and PfHAP), and each of these aspartic proteinases has been successfully targeted by gene disruption. This study describes further characterisation of the single-plasmepsin knockout mutants, and the creation and characterisation of double-plasmepsin knockout mutants lacking complete copies of pfpm2 and pfpm1 or pfhap and pfpm2. Double-plasmepsin knockout mutants were created by transfecting pre-existing knockout mutants with a second plasmid knockout construct. PCR and Southern blot analysis demonstrate the integration of a large concatamer of each plasmid construct into the targeted gene. All mutants have been characterised to assess the involvement of the DV plasmepsins in sustaining growth during the asexual blood stage. Analyses reaffirmed that knockout mutants Deltapfpm1 and Deltapfpm4 had lower replication rates in the asexual erythrocytic stage than the parental line (Dd2), but double-plasmepsin knockout mutants lacking intact copies of either pfpm2 and pfpm1, or pfpm2 and pfhap, had normal growth rates compared with Dd2. The amount of crystalline hemozoin produced per parasite during the asexual cycle was measured in each single-plasmepsin knockout to estimate the effect of each DV plasmepsin on hemoglobin digestion. Only Deltapfpm4 had a statistically significant reduction in hemozoin accumulation, indicating that hemoglobin digestion was impaired in this mutant. In the single-plasmepsin knockouts, no statistically significant differences were found in the steady state levels of mRNA from the remaining intact DV plasmepsin genes. Disruption of a DV plasmepsin gene does not affect the accumulation of mRNA encoding the remaining paralogous plasmepsins, and Western blot analysis confirmed that the accumulation of the paralogous plasmepsins in each knockout mutant was similar among all clones examined.